A compost isolated humic acid-like (cHAL) material was pointed out in previous work for its potential as auxiliary in chemical technology. Its potential is based on its relatively low 0.4 g L À1 critical micellar concentration (cmc) in water, which enables cHAL to enhance the water solubility of hydrophobic substances, like phenanthrene, when used at higher concentrations than 0.4 g L
Introduction
In previous work (Quagliotto et al., 2006) we have reported the isolation of a humic acid-like (cHAL) compound from food and green wastes compost. This compound was found to have 1.10 meq g À1 of COOH functional groups and to exhibit very good surfactant properties: i.e., critical micelle concentration (cmc) = 0.403 g L À1 and surface tension at cmc (c cmc = 36.1 mN m À1 in aqueous solution at pH 7. These data suggested that cHAL might perform as chemical auxiliary in many technological applications where synthetic surfactants are used. Indeed, cmc and c cmc values for cHAL are quite remarkable when compared with values for other commercial synthetic anionic surfactants (Rosen, 1989) such as sodium dodecylsulphate (SDS) with cmc = 2.33 g L À1 and c cmc = 39.5 mN m À1 . In addition to this, a phenanthrene (PHE) solubility study pointed out the capacity of cHAL to incorporate large hydrophobic molecules into its micellar core, with no change of its cmc value determined in the absence of other organic molecules (Quagliotto et al., 2006) . As this interaction results in enhanced water solubility of hydrophobic molecules, the number of cases for technological application where this property might be exploited appeared to be numerous.
Choosing some case studies where the established SDS surfactants are used and comparing performances of cHAL and SDS in the same experimental conditions seemed to be the fairest way to assess the value of the newly proposed cHAL chemical auxiliary. We wish to report now some preliminary data on the comparative performances of the above two substances in textile dyeing (TD) by a water insoluble dye and in the surfactants assisted washing of soil (SW) contaminated by polycyclic aromatic hydrocarbons (PAH). Both these case studies require the specific capacity of the two surfactants under comparison to enhance the water solubility of hydrophobic molecules. In the TD case, enhancement of the dye solubility in the aqueous dyeing bath is needed in order to achieve optimum colour intensity and uniformity in the dyed fabric. In the SW case, enhancement of PAH solubility in the soil washing solution allows better removal of the contaminants from the soil. In both cases, however, the con is represented by the environmental impact of the surfactant. In the TD case, the presence of the surfactant in the exhausted dyeing bath becomes an additional chemical to handle and may increase the cost of disposal of the exhausted bath. In the SW case, sorption of the surfactant and/or of the PAH-surfactant adduct by the soil may add one more contaminant (the surfactant) to the soil and/or lead to migration of PAH to the aquifers. These facts point out that the range of potential applications of surfactants may be very wide and that high tech specialized knowledge is required nowadays for each technological application. We wish therefore to stress that in this work we have chosen the TD and SW case studies not as problems to solve, but rather as grounds for assessing the value of the new cHAL biosurfactant relative to that of SDS.
Experimental

Materials
For the present work, cHAL was available from previous work (Quagliotto et al., 2006) . This material had been isolated in 12% yield from a 15-d aged food residues-green wastes compost by a 24 h extraction at 65°C under N 2 with aqueous 0.1 mol L À1 NaOH and 0.1 mol L À1 Na 4 P 2 O 7 , followed by precipitation at pH < 1.5. It was characterized by the following data: C content 59.9 w/w% in ash free dry matter, empirical formula C 10 H 13.4 N 0.86 O 3.4 S 0.04 , pH in water suspension 4.0, carboxylic groups 1.10 meq g À1 , phenol groups 1.90 meq g À1 , aliphatic C/aromatic C atom/ atom ratio 2.3. The food residue and green waste mix before and after composting was characterized by the data reported in Table 1 . The effect of the microbial degradation occurring during 15-d composting is the decrease of the volatile solids and of the total organic C content relative to the ash and N content. There was no specific reason for choosing a 15-d aged compost as source of humic acid-like compounds. This work represents the start of a foregoing project funded by the Italian Regione Piemonte aiming primarily to upgrade biomass wastes in chemical technology. We are aware that composting may yield a wide range of different products depending on the compost waste mixtures and the composting time. For this reason we plan in the long term to isolate other humic-like substances from biomass wastes and to establish structureproperty relationships for such products. All other experimental details for the characterization of the compost and of cHAL, and for the isolation of cHAL have been reported previously (Quagliotto et al., 2006) . Commercial SDS and all other reagents were purchased from Aldrich. Microfiber nylon 6 by Sniafibre (Italy) with the following specifications, i.e., filling dtex 88/72, warp dtex 167/30, and the disperse dye ( Fig. 1) were available from previous work (Carpignano et al., 1985) .
Textile dyeing (TD)
Dyeing tests were carried out according to a previously reported procedure (Savarino et al., 2006) by using microfiber nylon 6 and the disperse dye 2 under the following conditions. The dye bath depth (i.e., the percentage of dye related to the fibre weight) was 7.1%. Dyeing trials were performed in the absence and in the presence of either cHAL or SDS. In the latter case, the concentrations of the two surfactants were 0.40-1.20 g L À1 for cHAL and 1-5 g L À1 for SDS. Dye dispersion was helped by mechanical IKA Ultra Turrax T25 dispersion tool. The previously wetted fabric was introduced into the dye bath at 40°C and the temperature was raised to 80°C over 20 min and maintained for 1 h. Other experimental conditions were liquidto-good ratio (LGR) 20 and pH 7 maintained by 0.1 M Tris buffer. The dyed fibre was then removed, rinsed, washed at 40°C with water solution containing soap (2.5 g L À1 ) and sodium carbonate (2.5 g L À1 ) at LGR 200, rinsed again and dried at room temperature. The dyed product quality was evaluated by measurements of the fabric colour intensity (DE) and uniformity (rDE) by tristimulous colorimetry. The DE indicator is the mean of nine determinations of the colour difference between the dyed and undyed fabric performed over nine different sites of the specimen, while rDE is the standard deviation around the mean DE value. The results of the dyeing tests are reported in Table 2 . 
Soil washing (SW)
Two soil samples (A, B) contaminated by polycyclic aromatic hydrocarbons (PAH) were excavated at a depth of 9 m in a Northern Italian site where a coke production facility is located. Before analysis and/or extraction with the aqueous surfactants solutions, the soils were treated as follows. For each soil a 400 g lot was air dried at 60°C for 24 h at constant weight. Afterwards, the soil lot was hand homogenized and 2.00 mm sieved. Each homogenized sample lot was then sampled for analytical purposes and for running the soil washing trials. The two soils were characterized by the data reported in Table 3 . Soil texture (Faithfull, 2002) , and pH, total organic C and N content, and cation exchange capacity was determined as previously reported (Adani et al., 2007) . The total PAH soil content was determined by suspending the soil in a 1:1 acetone/hexane mixture at 1:10 solid/liquid ratio, sonicating and filtering and by GC analysis (Quagliotto et al., 2006) of the organic phase of the hydrocarbons listed in Table 4 . The total PAH concentration in the organic extract was calculated as the sum of the concentration values determined for each single hydrocarbon. This was then converted to total soil PAH concentration. The soil washing trials were performed similarly to a previously reported procedure (Deshpande et al., 1999) . The soil sample taken from the homogenized lot was suspended in the surfactant washing solution at 1/10 g/mL ratio and shaken for 24 h in a lab shaker at 150 cycles per min. After 2 h resting, the suspension was centrifuged and the collected liquid phase was analyzed for total PAH content by extraction with CH 2 Cl 2 and GC analysis (as above) of the separated organic phase. The washing solutions were prepared by dissolving the proper amount of surfactant in water. The starting surfactants concentration in the washing solutions ranged from 1 to 50 g L À1 . The cHAL solutions contained also variable amounts of a 0.16 M Na 2 HPO 4 and 0.017 M citric acid buffer in order to keep the humic acid in solution. Upon raising the surfactants concentration in the above range the solutions pH decreased from 7 to 6 in the cHAL solutions and from 6 to 5.6 in the SDS solutions. The residual surfactant concentration (C re ) in the soil washing solution recovered from the washing trial was determined by the solution organic C content which was compared with the Table 2 Colour intensity (DE) and uniformity (rDE) of nylon 6 microfiber dyed by the disperse dye 2 at 80°C, 1 h dyeing time and 20 V/w liquor/good ratio in the absence of additives and in the presence of cHAL and SDS at variable additive concentration (C, g L À1 )
Additive (Natrella, 1966) , i.e., A < B < C < D < E < F.
b Letters next to figures indicate variance inequalities by F test at 95% confidence level (Natrella, 1966) , i.e., a < b < c < d < e. Table 3 Physicochemical parameters of soils used in this study. Standard deviations calculated from triplicates (Natrella, 1966) organic C content of the starting surfactant solution. The organic C content of the washing solutions was determined as previously reported (Boyd et al., 1980) . Soil washing trials were performed also with plain deionised water and with the plain buffer solution. For each soil sample, the washing trials were performed in triplicate at each surfactant concentration. Quantitative results in Table 4 are given as average values of triplicate runs with their standard deviations (Natrella, 1966) . Standard deviations therefore encompass the total variability due to the degree of the starting soil lot homogeneity, to the sample manipulation and to the analytical procedure.
Results
Performance of cHAL and SDS in textile dyeing (TD)
The results of dyeing nylon 6 microfiber with the disperse dye 2 in the presence and absence of cHAL and SDS are reported in Table 2 . It may be observed that, as expected, the presence of the surfactants improves significantly the two product quality indicators, i.e., the colour intensity (DE) and the colour uniformity (rDE) of the fibre. In the presence of SDS, compared with dyeing in the absence of surfactant (C = 0.00), the fibre DE appears to increase already at 1 g L À1 surfactant concentration. However, to be able to observe a significant improvement of rDE, the use of the additive at concentration equal to or above the surfactant cmc value (C P 2.36) seems to be necessary. In the presence of cHAL, the improvement of both the fibre DE and rDE is readily evident at the lowest investigated C value (0.40 g L À1 ) which corresponds to the cmc value. Thus, it appears that with each additive a g L À1 concentration value corresponding to the cmc value or above is needed to obtain improvement of the product colour intensity. The data, however, show that depending on the type of additive, the quality indicators respond in different ways to the increase of the additive concentration above its cmc value: i.e., in the presence of SDS at C P 2.36 g L À1 , both the colour intensity and the colour uniformity of the fibre improve significantly upon increasing the additive concentration; in the presence of cHAL at C P 0.40 g L À1 , both the colour intensity and the colour uniformity of the fibre become significantly worse upon increasing the additive concentration.
Performance of cHAL and SDS in soil washing (SW)
For the two investigated soils contaminated by PAH, the results of their physicochemical characterization and of the washing trials performed in the absence and in the presence of cHAL and SDS are reported in Tables 3 and  4 , respectively. Table 3 shows that the two investigated soils are significantly different, particularly their texture, total organic C, cation exchange capacity and PAH contamination level. In the washing trials of these soils we have found that the total PAH concentrations (CW PAH ) in pure water or in the blank buffer aqueous solution, at completion of the washing trials, were 0.030 ± 0.032 mg L À1 for soil A and 0.052 ± 0.006 mg L À1 for soil B. These values are not significant (for soil A) or below the water solubility values (for soil B) for most of the found single hydrocarbons (Table 4 ). The CW PAH values in the washing solutions of both surfactants at 1 g L À1 were not significantly different from those in pure washing water and therefore are not reported. Significant enhancement of CW PAH (by one order of magnitude) was found using surfactant solutions at 10-50 g L À1 starting concentration as shown in Table  4 . These surfactants concentration values are well above the cmc values for both surfactants, being equivalent to 25-125 Â cmc for cHAL and to 4-22 Â cmc for SDS. The data show that cHAL, compared with SDS at the same starting surfactant concentration, performs equally (in soil B) or 3Â better (in soil A). Table 4 also shows that heavy surfactant depletion occurs for the washing solutions at completion of each washing trial. A fall in concentration of the surfactants in the washing solutions appeared consistent right after mixing the soil sample and the surfactant solution, and lasted until the end of the washing trials. The fast rate of surfactant loss from the solution suggests sorption by the soil more than biodegradation of the surfactant. This phenomenon occurs in greater extent for the SDS than for the cHAL washing solutions: i.e., the percentage surfactant loss after washing relative to the starting (Natrella, 1966) , i.e., a < b < c < d < e < f < g. solution was 68-95% for SDS and 12-54% for cHAL. Consistently with this fact, a strong pH change from the initial values of 5.6-6 to 8.1-8.2 was found in the recovered SDS solutions. Notwithstanding the strong surfactants sorption of the soil, both cHAL and SDS residual concentrations were still above the cmc values of the two surfactants, except for the case of the 10 g L À1 starting SDS solutions.
Discussion
The two applications we have chosen as grounds for testing the performance of the cHAL biosurfactant against the one of sodium dodecylsulfate (SDS) are quite challenging for many reasons.
Fabric dyeing is rated based on the product quality, the process cost and on the environmental impact caused by the disposal of the exhausted dyeing bath (Lorimer et al., 2001; Mohan et al., 2002) . These process indicators depend on three main parameters, such as the liquor-to-good V/w ratio (LGR), and the type and concentration of the dye and of the additive in the dyeing bath. To compare performance of cHAL and SDS in textile dyeing, we chose a particularly challenging dye system, i.e., microfiber nylon 6 and the water insoluble dye 2. Compared with conventional fibres, the chosen microfiber nylon 6 (see Section 2.1) is an ultra-fine fibre which shows more surface area for the interaction with dyes. On the other hand, dyeing with the water insoluble dye 2 requires more and more dye solubility in the bath since poor water solubility of the dye causes non-homogenous distribution of the dye throughout the fabric solid phase and the accumulation of the dye preferably on the fibre surfaces. This fact causes less uniform dyeing and an increased demand of colorant to give comparable colour yield. The role of surfactants in such system is based on their capacity to micellize and to increase the dye water solubility by incorporating it into the micellar hydrophobic core. Under these circumstances, while the use of synthetic commercial surfactants is well established, the use of a humic-like biosurfactant in dyeing technology is rather new. Indeed, the interaction of peat humic acids with some water insoluble dyes has already been reported (Vashurina et al., 2003) , but its effect on dye performance during technological application has never been reported.
In our dyeing tests, the additives g L À1 concentration values were chosen to include the reported cmc values of each surfactant (see Section 1). With both surfactants a g L À1 concentration value corresponding to the cmc value or above (Table 2 ) is required to obtain improvement of the product colour intensity, which appears consistent with the enhancement of the dye water solubility through incorporation into the surfactant micellar core. The best colour uniformity attained in our experimental plan corresponds to 0.21 6 rDE 6 0.28 (Table 2) . Based on F test at 95% confidence level, rDE values in this range are not statistically different from one another. These values are attained in the presence of SDS at 5 g L À1 or in the presence of cHAL at 0.4 g L À1 . Under these conditions, the colour intensity in the presence of SDS was 49.82, whereas in the presence of cHAL it was slightly lower (DE 46.46) . Specifically for cHAL, it is interesting to observe that both the colour intensity and the colour uniformity seem to decrease upon increasing the cHAL concentration above its cmc value. This may indicate that, in the presence of the biosurfactant at the higher micelle concentrations, the dye is too strongly held into the biosurfactant micellar core and less available to interact with the fibre. In a second experiment we chose to compare cHAL and SDS in the extraction of technological soil contaminants by washing with aqueous solutions, which involves quite a complex process. Surfactants are added to water to increase the hydrophobic contaminants water solubility and thus to enhance the extraction efficiency of the soil washing solution. Large differences in contaminants recoveries are reported in literature for similar hydrocarbons and surfactants in different soils since many factors depend on the soil nature (Janzen et al., 1996; Mulligan et al., 2001 ) and on the couple contaminant-surfactant. Moreover contaminant-soil and soilsurfactants interactions (Pennell et al., 1993; Chlou et al., 1986) are also involved. For these reasons, recoveries of hydrocarbons from contaminated soils may be much lower than expected based on measured hydrocarbons water solubility in the aqueous surfactant solution. In this paper the hydrocarbon recovery from the soils was not an important issue, the main purpose of the work being the assessment of the performance of the cHAL biosurfactant relative to that of the commercial SDS surfactant.
The soils investigated in this work had been exposed to polycyclic aromatic hydrocarbons (PAH) contamination for several decades. For our purpose, the two soils were chosen for their different physicochemical parameters (Table 3) , which might influence in a different way the performances of the two surfactants. With these soils, the surfactant effect on the soil washing process efficiency was observed (Table 4) at starting surfactant concentrations (10-50 g L À1 ), which are equivalent to 25-125 Â cmc for cHAL and to 4-22 Â cmc for SDS. Therefore, compared with the textile dyeing case, in the soil washing trials the required additive concentration, which allowed observation of a significant effect thanks to the additive, was 4-20 times higher.
The relatively high surfactant concentration required in soil washing points out that this technology is even more demanding for surfactants than textile dyeing. Indeed, one matter of concern in soil washing is the surfactant sorption of the soil. This may imply both higher process cost and/or environmental impact, depending on the sorbed surfactant. In our case, the organic C analyses of the surfactants solution after the washing trials indicated a strong depletion of surfactants from the washing solution at the end of the washing trials, as shown by the vis-à-vis comparison of the starting and residual surfactant concentrations in Table 4 . The data show that the surfactant depletion occurred to a greater extent for the SDS than for the cHAL washing solutions. It is readily evident that there is a significant material exchange between soils A and B and the surfactants solutions, i.e., the soils absorb consistent amounts of surfactants from the washing solutions and release PAH into these solutions. The data evidence a clear effect of the soil matrix on PAH desorption by both surfactants. Notwithstanding the surfactants sorption of the soils, cHAL is shown to enhance PAH desorption from the soil by a 10Â factor relative to water and by a 3Â factor relative to SDS. A main factor causing the lower performance of SDS may be its much higher rate of sorption by the soils. This is a further argument in favor of cHAL, both from the soil washing process cost and from the surfactant environmental impact viewpoints (Feitkenhauer and Meyer, 2002; Luth et al., 1996) .
We are aware that results of this work are not exhaustive and pose a number of specific questions for each of the investigated applications. Our experimental design is not so powerful to allow isolation of the effects of the independent variables connected with each of the investigated systems. However, we feel that the main purpose of this work is fulfilled. The data show a rather competitive performance of cHAL relative to SDS both in the textile dyeing trials and in the soil washing trials. Our experimental results do not include data on the environmental impact of the surfactants. However, it should be considered that while the environmental toxicity of synthetic alkylsulfates is assessed (Feitkenhauer and Meyer, 2002) , composts (Luth et al., 1996) and humic acids (Vashurina et al., 2003) , by virtue of their structural similarity with soil natural organic matter, have been shown to be environmentally friendly materials. These considerations allow us to expect that the compost biosurfactant may be used as well as or more conveniently than SDS as chemical auxiliary in other technological applications. As to the main issue of compost matter being a potential source of chemical auxiliaries, we wish to point out that our cHAL was isolated from a mixture of food residues and public park green wastes which had been previously composted for 15-d (Quagliotto et al., 2006) . Composting, however, yields a wide range of different products depending on the starting waste mixtures and on the product maturity. It is quite likely that by tuning up the compost process one could obtain other humic-like surfactant matter showing improved performance, which could be tailored for specific applications and cases. These facts, coupled with the expected environmental friendly impact of the above biosurfactants (Luth et al., 1996; Vashurina et al., 2003) , with their potential monetary value (Modler et al., 2006; Houston & Associates, Inc., 2007) and with the large use of surfactants in modern life, allow us to expect well promising economic benefits from the exploitation of compost as a source of chemical auxiliaries to recycle to the chemical industry. There is no doubt, however, that optimization of the process for the extraction of humic-like substances must go along with the product development. Among all available biomass wastes, compost is the richest source of organic matter. It is found in confined spaces and may have relatively low water (35-55%) and high organic matter (26-50%) contents (Quagliotto et al., 2006; Ozores-Hampton and Obreza, 2007) . It seems therefore a very promising waste material candidate, which will allow the development of an industrially feasible process for the extraction of biosurfactants. We are confident that the procedure reported in the experimental section for the isolation of humic acid-like compounds may be optimized. In addition to this, it is not known at this point whether the selective isolation of the humic acid-like compounds is necessary in all the cases. Raw compost extracts containing fulvic acids and other active organic substances together with humic acidlike compounds might show just as good or better surfactant properties for specific needs. In this case, the needed surfactant mix might be extracted with an even simpler procedure than the one used in this work. We feel, in conclusion, that the results of this work certainly point out a new renewable source of surfactants and stimulate further intriguing work with other composts to exploit their full potential.
